In the 3' untranslated region, the destabilizing adenine-uridine (AU)-rich elements (AREs) control the expression of several transcripts through interactions with ARE-binding proteins (AUBPs) and RNA degradation machinery. Although the fundamental role for AUBPs and associated factors in eliciting ARE-dependent degradation of cognate mRNAs has been recently highlighted, the molecular mechanisms underlying the specific regulation of individual mRNA turnover have not yet been fully elucidated. Here we focused on the post-transcriptional regulation of bcl-2 mRNA in human cell lines under different conditions and genetic backgrounds. In the context of an AUBPs silencing approach, HuR knock down reduced the expression of endogenous bcl-2 while, unexpectedly, a bcl-2 ARE-reporter transcript increased significantly, suggesting that HuR expression has opposite effects on endogenous and ectopic bcl-2 ARE. Moreover, evidence was provided for the essential, specific and dosedependent role of Bcl-2 protein in regulating the decay kinetics of its own mRNA, as ascertained by a luciferase reporter system. Altogether, the data support a model whereby Bcl-2 protein is the major determinant of its own ARE-dependent transcript half-life in living cells and its effect overcomes the activity of ARE-binding proteins.
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Eukaryotic cells coordinately regulate their functions to ensure appropriate responses to stimuli. Cell signaling involves a complex network of pathways tightly coupled to transcriptional and translational events. In between these two processes, modulation of the mRNA decay provides a crucial regulatory step (1). Most importantly, regulation of mRNA is a fundamental means of regulating both the level and the timing of gene expression along with the metabolic state of the cells, differentiation and stress stimuli (2) . Furthermore, dysregulation of mRNA stability has been associated with human diseases including cancer, inflammatory and neurodegenerative conditions (3, 4) . The clinical relevance of post-transcriptional gene regulation by mRNA stability has also been shown (5) .
mRNA decay is a highly regulated process, established through interactions between mRNA structures and corresponding subsets of binding proteins or noncoding small RNAs (6, 7) . A variety of molecular determinants of mRNA stability have been described and, to a certain extent, characterized (8) . Most cis-acting mRNA stability determinants are located in the 3' untranslated region (3'-UTR). Among these, the AU-rich elements (AREs) are responsible for rapid decay of the mRNA and are recognized by a multimeric protein complex containing HuR and other RNA binding proteins (9, 10) . Recent studies have also indicated that microRNAs, hybridizing preferentially to the 3'-UTR, may interact with and affect the fate of AREcontaining mRNA (11, 12) . These decay pathways are controlled by the interplay of function-specific as well as gene-specific RNAprotein determinants (13) . Consistent with this hypothesis are previous biochemical studies showing that ARE-containing mRNAs can be differentially and coordinately regulated in response to particular extracellular stimuli (14) .
Given the critical function of Bcl-2 protein in mediating the processes of cell death and survival, in this study we focused on its cellular post-transcriptional regulation. Alterations in the level of Bcl-2 expression affect cell proliferation and cell death and are determinants in the pathogenesis and progression of several diseases such as cancer, neurodegenerative disorders or autoimmune diseases among others (15) (16) (17) . Despite extensive efforts, the molecular mechanisms leading to altered expression of bcl-2 in such different human pathologies have not been elucidated. Nevertheless many attempts have been made to develop biological or pharmacological means of controlling bcl-2 expression and some promising results have been obtained (18) (19) (20) . Therapeutic intervention targeting bcl-2 would undoubtedly benefit from a deeper understanding of the mechanisms ruling its regulation.
Here the post-transcriptional regulation of bcl-2 mRNA in multiple cellular systems and under different conditions has been explored. In detail, the small interfering RNA (siRNA) technology was exploited to alter the cellular repertoire of the mRNA degradation machinery in order to ascribe a role for proteins potentially involved in bcl-2 mRNA post-transcriptional regulation. In addition a luciferase reporter system was engineered to address questions regarding gene-specific and function-specific mechanisms of mRNA turnover regulation. Our findings point to a specific role of Bcl-2 in the ARE-dependent degradation of its own messenger in different cellular systems and conditions and, interestingly, they hint at a hierarchy of different regulatory mechanisms in modulating bcl-2 mRNA half-life.
EXPERIMENTAL PROCEDURES
Plasmid construction -A DNA fragment containing the ARE from bcl-2 3'UTR (bARE) was cloned downstream the gene in the pGL4.71P vector to obtain the pGL4.71P-bARE plasmid as described previously (21) . The primer pair 5'-CGTCTAGAACTTTTTTATGCTTACCATC-3' and 5'-CGTCTAGACAATAGAAAAAAATCAACTT-3' was used to amplify a 260-base pair segment containing the ARE sequence from the human cmyc 3'-UTR fragment (mARE). The latter was cloned into the pGL4.71P plasmid above to produce the pGL4.71P-mARE plasmid. pcDNA3-Bcl2 plasmid was constructed exciding the 930-base pair fragment from pB4 (22) containing bcl-2 open reading frame and cloning it into the EcoRI restriction site of pcDNA3 vector (Invitrogen). pGL4.71P-cARE plasmid containing C2 region of CDK5R1 3'-UTR sequence has been previously described (23 Germany) according to the manufacturer's instructions. The RNA was then treated with RNase-free DNase (Invitrogen, Carlsbad, CA) and analyzed spectroscopically and by gel electrophoresis for purity and integrity, respectively. For cDNA synthesis, 0.1 µg/µl total RNA, DNase treated, was reversetranscribed with High Capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA) using standard conditions set by the manufacturer in a total volume of 50 µl. cDNAs levels of Renilla and firefly luciferases, bcl-2 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were determined using RealTime PCR, through TaqMan Technology (Applied Biosystems), using specific primers and probes. Reporters and bcl-2 amplification data were normalized versus the expression of the housekeeping gene GAPDH. Each reaction was performed in triplicate for a better statistical reliability of results. The PCR reactions were carried out in an ABI Prism 7000 Sequence Detection System (Applied Biosystems). The amplification plot and cycle threshold data were elaborated with ABI Prism 7000 SDS software (version 1.1). mRNA decay assays -In mRNA decay assays cells were treated with DRB (20 µg/ml final concentration) 24 hours post-transfection to suppress the transcription of the luciferase reporter gene. Cells were harvested at 0, 3, 5 and 7 hours after treatment with DRB and RNA isolated for quantitative RT-PCR analysis.
Flow cytometric analysis -2 x 10
6 electroporated Daudi cells were harvested and washed with 1x PBS. Cells were resuspended in a 3% paraformaldehyde solution and incubated on ice for 1 hour. Fixed cells were pelleted and washed in pre-cooled 1x PBS, then resuspended in 500 µl of RPMI medium containing 20% FCS and 0,5% Tween (Sigma-Aldrich). Cells were pelleted, resuspended in 50 µl of FCS and incubated 15 minutes at room temperature. Permealized cells were centrifuged and the pellet was resuspended RPMI medium containing 20% FCS, 0,5% Tween and 50 µl of fluorescein -conjugated 1:50 diluted anti-human Bcl-2 monoclonal antibody (Dako Italia, Milan, Italy). The cells were incubated at room temperature for 1 hour in the dark, then pelleted and washed four times in pre-cooled 1x PBS at 4°C. Washed cells were resuspended in 350 µl of 1x PBS before flow cytometric analysis. Western Blot (WB) and CoImmunoprecipitation (IP) Assays -The WB assays were performed under standard conditions as previously described (28) . Protein concentrations were measured using the Micro BCA Protein Assay (Thermo Fisher Scientific, Rockford, IL, U.S.A). Images of WBs were acquired and analyzed using the BioRad Versadoc Imaging System. Protein band densities were quantified using the Quantity One software provided with the station. For IP assays, protein A/G UltraLink Resin (Thermo Fisher Scientific, Rockford, IL, U.S.A.) was precoated with 1.6 µg IgG1, HuR or Bcl-2 mouse monoclonal antibodies (Santa Cruz Biotech.), washed with lysis buffer (20 mM TrisHCl [pH 7.2], 50 mM KCl, 10 mM MgCl2, 0.5% Nonidet P-40, 1 mM DTT, protease and RNAse inhibitors), and incubated with 0.5 ml of cell lysates (16 h, 4°C). After washes with modified lysis buffer (20 mM Tris-HCl [pH 7.2], 300 mM KCl, 10 mM MgCl2, 0.5% Nonidet P-40), samples were denatured, fractionated by SDS-PAGE, and analyzed by WB. For Flag IP assays, 0.5 ml of U2OS cell lysate (10mM Hepes pH 7.6, 100mM KCl, 5mM MgCl2, 2.5 mM EDTA, 2mM of DTT, protease and RNAse inhibitors) were incubated for 2h at 4°C with protein A/G UltraLink Resin (Thermo Fisher Scientific, Rockford, IL, U.S.A.), precoated with 2.0 µg Flag M2 mouse monoclonal antibody (Sigma-Aldrich). Samples were then washed and processed as described above.
RESULTS

ARE-dependent destabilizing activity on reporter transcript.
Luciferase gene containing plasmids were generated and employed in both transient and stable transfection experiments in different human cell lines to validate the suitability of this reporter system to study the ARE-dependent destabilizing activity. Among reporters used in mammalian cells, the Renilla reniformis hRlucP luciferase gene incorporates a protein degradation sequence conferring high instability to the encoded reporter protein (29) and thus suitable for studying the rate of reporter response to cellular stimuli.
A DNA fragment containing the ARE bcl-2 (b-ARE) was cloned downstream of the stop codon of Renilla luciferase gene in the pGL4.71P vector to obtain the pGL4.71P-bARE plasmid. A second ARE fragment from c-myc 3'UTR was inserted in the same position in pGL4.71P vector to obtain the pGL4.71P-mARE plasmid, used as a control. Both the Renilla luciferase empty vector (pGL4.71P-NO ARE) and the ARE-containing constructs (Fig. 1A) were transiently co-transfected with the pGL3P firefly luciferase reporter plasmid into human neuroblastoma SK-N-BE and human embryonic kidney (HEK) 293 cells. The Renilla luciferase activity was normalized to firefly luciferase activity, as shown in Table 1 and S1. The insertion of the ARE fragments downstream of the reporter gene led to a decrease in the Renilla luciferase activity in both transiently transfected human cell lines: bARE was able to reduce the reporter activity to about 50% and mARE to 32% and 45% in SK-N-BE and HEK293 cells, respectively (Fig. 1B) . The destabilizing activity of ARE sequences was shown in HEK293 transiently transfected cells after the addition of the transcriptional blocker DRB. The relative luciferase activity normalized over protein concentration is shown in Fig. 1C . RlucP mRNA half-life was halved in the presence of bARE (Fig. 1D) following the same kinetics as the reporter protein activity, thus assessing the role of b-ARE on mRNA decay rates and validating the reporter system to study ARE-containing mRNAs.
Role of AUBPs in regulating bARE reporter transcript stability. Three HEK293 clones, namely C7-NO ARE, B4-bARE and D21-mARE, stably transfected with pGL4.71P-NO ARE, pGL4.71P-bARE and pGL4.71P-mARE respectively, expressed similar levels of reporter gene, as verified by Real Time RT-PCR and luciferase activity assays (not shown). In these stably transfected HEK clones a subset of either destabilizing or stabilizing AUBPs were silenced by siRNAs.
AUF1, expressed in four isoforms arising from differential splicing (30) , was silenced with different siRNA doses by targeting exon 1 region (siAUF1), present in all AUF1 isoforms. Albeit, the silencing effect was stronger on p45 AUF1 and p40 AUF1 isoforms, possibly less abundant in this cell line, as evaluated by Western blot (Fig. 2A) ; siAUF1 treatment significantly increased the Renilla luciferase activity (Fig. 2B ) in B4-bARE and, to a lesser extent in D21-mARE cells.
Furthermore, we considered the role of TIA-1, a translational silencer that also turns mRNA liable to the decay machinery (31) . A reduction in TIA-1 protein level (Fig. 3A) with a siRNA (siTIA1), could increase the Renilla luciferase activity in B4-bARE cells from 60 to 80 % compared to vehicle treated cells (Fig. 3B) .
In contrast, TTP and KSRP were silenced without significant changes to luciferase activity, although the targeted protein levels decreased by siRNAs treatment (data not shown).
Silencing of HuR (siHuR) brought about quite unexpected findings. In contrast to the stabilizing effect of HuR reported in literature (32), its down-regulation led to a two fold increase in the Renilla luciferase activity in B4-bARE cells (Fig. 4B) . A double siRNA treatment with 50 + 25 nM doses showed a further increase in luciferase activity.
Based on the well established HuR stabilizing activity on ARE-containing mRNA (32), a decrease in reporter levels in both B4-bARE and D21-mARE clones was expected. The unforeseen findings inspired a detailed analysis of the mechanism responsible for increased reporter activity in B4-bARE siHuR treated cells. As previously shown (33, 34) , and confirmed here (Fig. 4A and 4C) , HuR silencing caused a decrease in the expression of a number of genes, including bcl-2. This reduction was also confirmed by bcl-2 mRNA levels in all tested cell clones (Fig. 4D) . To evaluate whether mRNA quantitative changes depended on altered mRNA stability, a transcriptional blocker (DRB) was used in siHuR experiments. Real time RT-PCR assays on RNA extracted from treated cells clearly indicate that siHuR is able to destabilize endogenous bcl-2 mRNA as shown in Fig. 4E . Conversely, when Rluc-bARE transcript levels were measured in siHuR B4-bARE treated cells, an increase comparable to the extent of the reporter activity increment was found (Fig. 4F) .
Data presented herein and by others (35) show that HuR silencing can determine decreased expression of the mRNA and of the relevant proteins levels of a number of genes. The hypothesis that the increased luciferase activity restricted to the bARE reporter may arise from the dominant effect of low Bcl-2 expression on the degradation rate of the bARE mRNA has been addressed.
Bcl-2 role in regulating bARE reporter transcript. siRNAs directed against bcl-2 mRNA (siBcl2) were transfected at the final concentrations of 50 and 100 nM into cell clones. Analysis of Bcl-2 protein by Western Blot showed effective and specific siBcl2 silencing (Fig. 5A) . Lowering the amount of Bcl-2 significantly increased the bARE reporter activity (Fig. 5B) , attesting the direct role of Bcl-2 protein in triggering the degradation of bARE mRNA. The specificity of the effect of siBcl2 on bARE reporter was assayed by lipofecting cells with a second siRNA dose after the first siBcl2 treatment. Halved doses of siRNA, added 72 hours after the first siBcl2 lipofection, further down-regulated endogenous bcl-2 mRNA and protein in all cell clones as assayed by Real Time RT-PCR (data not shown) and Western Blot, respectively (Fig. 5C) . The stronger silencing of Bcl-2 caused a higher increase of luciferase activity restricted to B4-bARE reporter cells, as the level of reporter gene expression in C7-NO ARE and D21-mARE clones was unchanged compared to vehicletreated cells (Fig. 5B and 5D ).
To further establish the molecular mechanism underlying bcl-2 post-transcriptional regulation by its own gene product, Bcl-2 expression was rescued in B4-bARE cells upon siBcl2 treatment. Bcl-2 was expressed ectopically by transiently transfecting cells with pcDNA3Bcl2, a plasmid encoding for a wild type Bcl-2 protein, but lacking bcl-2 3'UTR, and thus refractory to the bARE-dependent regulation (Fig. 5E ). As shown in Fig. 5F , in Bcl2-silenced cells the restored expression of Bcl-2 was able to down-regulate Renilla luciferase activity to the levels of unsilenced cells.
The dose-dependent role of Bcl-2 in regulating bARE-containing mRNA half-life was studied in another engineered cellular system. Cell clones expressing, in basal conditions, different levels of Bcl-2 protein were generated. We then correlated Bcl-2 levels to reporter activity of Renilla luciferase in transiently transfected cells. In particular, Daudi Burkitt's lymphoma cells, not expressing Bcl-2 protein (36), were electroporated with pcDNA3Bcl2 plasmid and clones stably expressing different levels of Bcl-2 protein were created after G418 selection. Bcl-2 protein expression level was screened by flow cytometric analysis of immunostained cells (data not shown) and Western blot analysis of individual clones (Fig. 6A) . One Daudi clone expressing high levels of Bcl-2 protein (B7), a second one expressing low levels of Bcl-2 protein (A9) and a mock cell clone (D4) were transiently transfected with Renilla luciferase plasmids as well as pGL3P control vector. Luciferase activity was measured in order to evaluate the correlation between different levels of Bcl-2 expression and the activity of the reporter transcript. In this study, the ARE containing C2 region of CDK5R1 3'-UTR sequence (23) was used as a control (pGL4.71P-cARE), because the high level of c-myc expression in Daudi cells might interfere with the metabolism of the reporter transcript containing c-myc 3'UTR. Daudi clones were electroporated with reporter plasmids and luciferase activity was measured (Fig. 6B ). An inverse correlation between the bARE-reporter activity and the cellular amount of Bcl-2 protein was found, thus demonstrating the dosedependent role of Bcl-2 in destabilizing bAREcontaining mRNA in living cells. No One enduring question is how individual and functionally related ARE-containing mRNAs can be differentially regulated in response to a variety of stimuli. An intriguing hypothesis has been proposed (13, 40) for the mechanism underlying the gene-specific regulation of ARE-containing mRNA turnover. On the basis of biochemical studies, Bcl-2 protein triggers the ARE-dependent degradation of its own transcript and regulates the rate of decay in a dose-response manner. The molecular mechanism by which cellular Bcl-2 regulates the rapid degradation of its own mRNA remains poorly defined. Here evidence is provided on the role of the Bcl-2 protein in leading the degradative enzymatic machinery to its cognate mRNA in cells under different genetic and growth conditions. This is of particular importance because of the critical function of Bcl-2 in a number of (pato-)physiological processes (41, 42) . Most relevant are the mechanisms underlying its altered level of expression in a variety of human diseases and its tuning the response to different stimuli and chemotherapy treatments. significative luciferase change according to Bcl-2 levels was obtained in c-ARE reporter cells.
In order to get more insight into the mechanistic understanding of bcl-2 regulation, we then tested whether HuR associates with Bcl-2 by co-immunoprecipitation. U2OS cells were transiently transfected with a Flag-Bcl2 expression plasmid, cell extracts were immunoprecipitated with anti-Flag incubated protein A/G resin and analyzed by Western blotting. The expression plasmid encoding only the Flag epitope was also transfected as a control to determine the background binding activities. As shown in Fig. 7A , HuR coimmunoprecipitated with Flag-Bcl2. To better assess the HuR/Bcl-2 interaction, we next conducted IP assays on endogenous proteins in K422 cells. Wild type Daudi cells were used in IP assays as negative controls. Cell extracts prepared from both cell lines were immunoprecipitated with anti-HuR and antiBcl2 coated A/G resin. Mouse IgG-bound resin was used as negative control. Samples were separated by electrophoresis and probed for HuR. IP using anti-Bcl2 antibody revealed that HuR co-immunoprecipitated with endogenous Bcl2, as shown in Fig. 7B . No interaction was found in samples from Daudi cells used as a negative control not expressing Bcl-2 protein.
The object of this study is therefore to gain deeper comprehension of the post-transcriptional regulation of bcl-2 transcript. Among the broad spectrum of determinants of bcl-2 mRNA halflife, we investigated the role of AUBPs required for the ARE-dependent mRNAs degradation (9) with respect to bARE. MicroRNAs have also been implicated in the decay process of AREcontaining messengers (12) although their potential role has not been considered in this study.
According to the findings, Bcl-2 is essential for the bARE-dependent degradation of bcl-2 mRNA. Moreover, the rate of the messenger decay is inversely correlated to the protein amount, thus providing a potential mechanism for gene-specific regulation of mRNA decay. Bcl-2 may dynamically associate to HuR in order to wield this regulatory role.
DISCUSSION
mRNA decay processes play a key role in the global control of gene expression and in regulating cellular response to exogenous signals (1,2). Recent findings have been remarkable in identifying the molecular components, elucidating the "mechanics" and spotting the cellular sites of mRNA turnover (8, 37, 38) . According to the "RNA Regulon" theory multiple functionally related mRNAs are coordinately regulated by trans-acting factors (39) . However, in spite of these tremendous achievements, the mechanisms by which cells coordinate the expression of specific genes in response to stimuli by post-transcriptional regulation remain unclear in many cases.
The silencing of AUF1 and TIA-1 led to an increase in bARE reporter activity. Most likely, the down regulation of the decay determinants stabilized the ARE-containing target. In particular, siRNA targeting AUF1 was able to down-regulate predominantly p40 AUF1 /p45 AUF1 isoforms and this in turn determined an increase in luciferase activity of the bARE reporter and, to a lesser extent, of the mARE clone. These results, in keeping with others (24) , provide additional support to the theory that the relative levels of individual isoforms, rather than the absolute amount of AUF1, determine mRNA stability of AREcontaining transcripts, consistent with the different ARE-binding functions of the isoforms.
It was not possible to ascribe a role for TTP and KSRP in regulation of bARE mRNA as their silencing had no effect on the reporter activity. Supplementary investigation is needed to explain these unexpected results since we have formerly shown by UV cross-linking and RNA immunoprecipitation assays that both AUBPs are able to bind to bARE transcript (21) .
Unanticipated findings were observed when HuR was silenced. This AUBP is known as a mRNA stabilizer (32) thus a decrease of ARE-containing reporter following HuR silencing was foreseen. Quite unexpectedly, HuR silencing caused specific up-regulation of the bARE reporter. Indeed, mARE transcript decay rate was not modified by siHuR, as observed by others (43) . We speculate that opposite actions of different AUBPs modulating mARE turnover may produce this net null result, but deeper investigation is needed.
The increased luciferase activity in bARE reporter cells prompted us to envisage a potential interplay between gene-specific and functionspecific mechanisms of mRNA turnover regulation. In particular, we hypothesized that the HuR silencing effect on endogenous bcl-2 mRNA might, in turn, influence the bAREspecific reporter mRNA turnover. Indeed, the silencing of HuR caused a significant reduction of the levels of Bcl-2 protein and mRNA due to a decreased mRNA stability. Altogether these results proved the stabilizing activity of HuR on endogenous bcl-2 mRNA but also revealed the opposite effects of HuR silencing on ectopic and endogenous bcl-2 ARE. As a consequence of HuR silencing, the Bcl-2 down-regulation can mediate a stabilizing effect on the bARE reporter mRNA that increases its luminescence. Most importantly, the unpredicted increase of bARE reporter activity following HuR silencing hints at a possible picture where the gene-specific effect triggered by endogenous Bcl-2 downregulation is dominant on the function-specific outcome of HuR silencing.
We address this hypothesis and provide evidence of the specificity and the efficacy of the Bcl-2 protein in regulating the decay rate of its own mRNA in genetically defined cell lines and clones. Both transiently and stably transfected cells expressing the 3'-modified reporter gene showed the Bcl-2 specific regulation in different cell lines. The siRNA silencing of Bcl-2 expression in either transiently or stably transfected clones showed the increase of the bARE-reporter luminescence in a dose response fashion. The Bcl-2 destabilizing function on its own mRNA observed in siBcl2 treated stably transfected clones, was directly proved by restoring Bcl-2 expression in Bcl-2 silenced cells and by ectopically expressing bcl-2 gene in (bcl-2 -/-) Daudi cells.
Finally, HuR and Bcl-2 physically interact with each other, as ascertained by coimmunoprecipitation experiments, with Bcl-2 counteracting HuR activity on bARE, as indicated by the unanticipated findings that siHuR led to an increase of Rluc-bARE transcript levels due to reduced levels of Bcl-2. Altogether these data suggest a mechanism whereby Bcl-2 might displace HuR from its targets localized in the bARE sequence.
In human cellular systems with diverse genetic backgrounds and differentiation conditions, the Bcl-2 protein was determinant to regulate the rate of bARE turnover, as evaluated by the reporter activity. A negative feedback mechanism finely modulating Bcl-2 levels by a bARE-specific regulation is substantiated by the data presented herein and suggest that negative feedback might be a foremost general principle in mammalian regulation of mRNA turnover (44) .
The results achieved might have implications for other ARE-containing RNAs, thus shedding light on the molecular mechanism by which gene-specific regulation of mRNA decay occurs. This is a crucial issue in the investigation of determinants of mRNA stability and of gene expression regulation overall.
In conclusion, we can envisage a hierarchic network of different AUBPs and associated factors affecting bARE RNA stability involving Bcl-2 protein itself as the major determinant of its own transcript half-life in living cells. This mechanism would provide an auto-regulatory loop able to rapidly vary Bcl-2 level in response to different stimuli. Interestingly, the expression of many RNA binding proteins has been recently suggested to be post-transcriptionally self-regulated (45) (46) (47) , and tightly interdependent, suggesting a circuitry of self-and cross-regulatory interactions (48) . Altogether these data reveal a hierarchy in the mechanism of post-transcriptional regulation of gene expression, at least for ARE-containing mRNAs, with the gene-specific elements prevailing on the function-specific factors. SK-N-BE and HEK293 cells were plated and, after 24 hours, they were co-transfected with firefly and Renilla luciferase reporter plasmids as described in Materials and Methods. 24 hours posttransfection cells were lysed and luciferase activities were measured in a counter plate reader for luminometry. Renilla luciferase activity values were normalized to firefly luciferase activity (i.e., Renilla luciferase light units/firefly luciferase light units) and the data from four independent experiments are shown as means of the ratio ± s.e.m.
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